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Summary
Objective: Patterns of radiographic osteoarthritis (ROA) of the hand are often examined by row, with the four joints of the thumb studied in-
consistently. The objectives of this study were to determine relationships of ROA at different hand joints, use the ﬁndings to deﬁne radio-
graphic sub-groups and investigate their associations with pain and function.
Methods: Sixteen joints in each hand were scored for the presence of ROA in a community-dwelling cohort of adults, 50-years-and-over, with
self-reported hand pain or problems. Principal components analysis (PCA) with varimax rotation was used to study patterns of ROA in the
hand joints and identify distinct sub-groups. Differences in pain and function between these sub-groups were assessed using Australian/Ca-
nadian Osteoarthritis Index (AUSCAN), Grip Ability Test (GAT) and grip and pinch strength.
Results: PCA was undertaken on data from 592 participants and identiﬁed four components: distal interphalangeal joints (DIPs), proximal in-
terphalangeal joints (PIPs), metacarpophalangeal joints (MCPs), thumb joints. However, the left thumb interphalangeal (IP) joint cross-loaded
with the PIP and thumb groups. On this basis, participants were categorised into four radiographic sub-groups: no osteoarthritis (OA), ﬁnger
only OA, thumb only OA and combined thumb and ﬁnger OA. Statistically signiﬁcant differences were found between the sub-groups for
AUSCAN function, and in women alone for grip and pinch strength. Participants with combined thumb and ﬁnger OA had the worst scores.
Conclusion: Individual thumb joints can be clustered together as a joint group in ROA. Four radiographic sub-groups of hand OA can be
distinguished. Pain and functional difﬁculties were highest in participants with both thumb and ﬁnger OA.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Adults with hand problems report signiﬁcant pain and dis-
ability in their everyday life and perceive hand osteoarthritis
(OA) to be a serious condition1. It is estimated that at least
four million people in the UK have radiographic evidence of
moderate to severe hand OA, and this number is predicted
to rise as the number of older people in the population
increases2.
Patterns of radiographic osteoarthritis (ROA) are often ex-
amined in joint groups by row: distal interphalangeal joints
(DIPs), proximal interphalangeal joints (PIPs) and metacar-
pophalangeal joints (MCPs)3. The ﬁrst carpometacarpal
(ﬁrst CMC) and trapezioscaphoid (TS) joints at the base of
the thumb are often studied separately from the other joint
groups4. It has been suggested that OA in the thumb joints
[including the ﬁrst interphalangeal (IP) joint] may represent
a different syndrome of OA in comparison with other hand
joints5e7. Different causal mechanisms such as anatomical
structure or loading of the articular cartilage have been*Address correspondence and reprint requests to: Michelle
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1440proposed8e10. However, inconsistencies in the reporting of
thumb OA are prevalent in the literature11. A recent review
highlighted that 54% of the population-based epidemiologi-
cal studies of radiographic hand OA failed to specify
whether the IP joint of the thumb had been examined, or
within which joint group it had been classed11.
Inconsistent associations have been reported between ra-
diographic changes of hand OA and symptoms12,13. The
contribution of location of OA in relation to hand pain, disabil-
ity and functional impairment, independent of the number of
hand joints with OA and the severity of radiographic OA, is
unknown14. There have been few epidemiological studies
that have focused speciﬁcally on the contribution of different
groups of hand joints (DIPs, PIPs and MCPs) to both pain
and function7,15. Studies of the thumb have only focused
on the joints at the base of thumb e the ﬁrst CMC joint and
the TS joint7,16,17. No previous research has examined
whether radiographic involvement of the ﬁnger joints com-
pared with that of the thumb leads to differences in pain
and function.
The objective of this study was to determine interrelation-
ships of OA at different hand joints, including the thumb IP
and ﬁrst MCP joints, using factor analysis. The patterns iden-
tiﬁed were then used to deﬁne radiographic sub-groups of
hand OA. These were examined to investigate differences
between the sub-groups in terms of pain and function.
1441Osteoarthritis and Cartilage Vol. 17, No. 11MethodsSTUDY DESIGN AND SAMPLEThe Clinical Assessment Study of the Hand (CAS-HA) is a prospective
observational cohort study, in which individuals were sampled from a two-
stage postal survey of patients aged 50-years-and-over, registered with
two general practices in North Staffordshire. The general practice register
was used as a sampling frame, as in the United Kingdom 97% of the popu-
lation is registered with a General Practitioner18. Participants were not re-
quired to have consulted about their hand pain or hand problem. Full
details of the study design and methods have been previously reported19.
The North Staffordshire local research ethics committee approved this study
and all participants provided written consent.SURVEY QUESTIONNAIRESThe two-stage survey consisted of a general health questionnaire and
a regional pain questionnaire. In the general health questionnaire respon-
dents were asked whether they had experienced hand pain or hand prob-
lems in the last 12 months. Respondents with hand pain or hand problems
who consented to further contact were sent a regional pain questionnaire.
This questionnaire collected more detailed information about their hand
pain or hand problem including details on the duration of their symptoms.
Hand pain and function were measured using the Australian/Canadian Oste-
oarthritis Index (AUSCAN), a disease speciﬁc measure for hand OA20,21. In
this study the Likert-scale version (LK3.0) of the AUSCAN was used measur-
ing each item on a scale of 0e4, ranging from none to extreme, giving an
overall pain score on ﬁve items of between 0 and 20 and an overall function
score on nine items of 0e36.RESEARCH CLINICResponders to the questionnaires who indicated that they had hand pain
or hand problems and consented to further contact were invited to attend
a research assessment clinic that included an interview and physical exam-
ination19. Height and weight, measured at the research clinics, were used to
calculate body mass index (BMI). Functional performance was measured us-
ing grip strength (Jamar dynamometer) and pinch strength (B&L pinch
gauge). The maximum strength for each measure was taken once in a stand-
ardised position and was recorded in pounds. Prior to this a single sub-max-
imal ‘warm up’ attempt was completed which allowed participants to become
familiar with the equipment and the actions that were required. This has been
shown to be valid and reliable22,23. Functional performance was also mea-
sured using the Grip Ability Test (GAT)24. This test is measured as the
time taken (in s) to complete three sub-tests that include putting a length
of tubi-grip on the non-dominant arm, putting a paperclip on an envelope
and pouring a measured amount of water from a jug into a glass.RADIOGRAPHSPosterioreanterior radiographs of the hands and wrists were taken with
separate exposures for each hand according to a standardised protocol19.
A single reader (MM) graded all the ﬁlms for the presence and severity of
OA using the Kellgren and Lawrence (K&L) grading system, written descrip-
tion25. Standardised scoring was completed for sixteen joints in each hand
and wrist: the DIPs, PIPs, MCPs, the thumb IP, the ﬁrst CMC joint and the
TS joint. The reader was blinded to all questionnaire and clinical assessment
data. Radiographic OA for an individual hand joint was deﬁned as the pres-
ence of K&L 2. Inter-observer reliability was tested on ﬁfty pairs of hands;
the second reader, an academic Rheumatologist (Dr R Duncan), graded X-
rays for the presence and severity of OA. Inter-observer reliability was found
to be very good for the presence of OA in an individual joint (unweighted
mean kappa¼ 0.79, mean percentage agreement¼ 95%).DATA ANALYSISStatistical analysis was performed using SPSS for windows, version 14.0
(SPSS, Chicago, IL). All tests were two-tailed and a P-value of 0.05 was con-
sidered to be statistically signiﬁcant.Patterns of radiographic hand OA
In factor analysis the process of data reduction groups the items (vari-
ables) into a smaller number of components (factors) according to patterns
that are present in the data. To investigate patterns OA data were dichotom-
ised into the presence or absence of OA in each hand joint. Joints with a very
low or very high prevalence of OA in the sample (<5%, >95%) were ex-
cluded from the analysis, as it would be difﬁcult to establish a patternwhen virtually all participants could be categorised in the same group. Prin-
cipal components analysis (PCA) was undertaken using varimax rotation to
explore the interrelationships of radiographic OA in the different joints of the
hand. The number of components to be retained was based on Kaiser’s cri-
terion of eigenvalues of greater than one26, inspection of the scree plot27 and
examination of the factor loading values. The aim was to obtain as few
groups as possible whilst each item loaded with a high value onto one com-
ponent and low values for the other components. The factor loading values
were also assessed to determine if any cross-loading occurred. Cross-load-
ing is when an item loads by values greater than or equal to 0.32 onto more
than one component. This indicates that the item does not load clearly with
any single component28,29.
Radiographic sub-groups
The results of the factor analysis assisted in the classiﬁcation of radio-
graphic sub-groups, and subsequently the mean AUSCAN pain score,
mean AUSCAN function score, and mean GAT score for each sub-group
were compared. Mean grip and pinch strength for the left and right hands
were calculated and because of strength differences betweens the sexes
this was undertaken separately for men and women30. Differences between
the four radiographic sub-groups were determined using Chi Square tests for
nominal or ordinal data and analysis of variance (ANOVA) was used for in-
terval/ratio data. Gender, age, the presence of moderate to severe radio-
graphic OA (K&L 3) and the number of hand joints affected were
considered to be potential confounders of the association between radio-
graphic sub-groups and pain and functional impairment. Potential confound-
ing was explored by adjusting the differences in pain and function between
the sub-groups for all the potential confounders.Results
Of the 623 participants who attended the research as-
sessment clinic, ﬁve did not have X-rays and 26 with inﬂam-
matory arthritis were excluded. Age of participants (n¼ 592)
ranged from 50 to 91 years [mean age 64 years, standard
deviation (s.d.) 8.2] and 62% were female. The American
College of Rheumatology (ACR) criteria for hand OA was
met in 30% (n¼ 179) of participants. A total of 82% of our
sample had K&L 2 in at least one hand joint (84% in
women, 78% in men). Participants ranged from having
0 to 23 joints affected [median¼ 3, inter-quartile range
(IQR) 1, 8]. In this sample 61.3% (n¼ 363) of participants
had symmetrical OA in at least one joint group across
both hands. Symmetrical thumb OA (n¼ 292) and symmet-
rical DIP OA (n¼ 206) occurred more frequently than sym-
metrical PIP OA (n¼ 93) or MCP OA (n¼ 50).
The process of recruitment and the number of exclusions,
refusals and non-responders in each stage are shown in
Fig. 1. Women were more likely than men to report hand
pain or hand problems and to attend the research clinic. Al-
though differences were small, participants who attended
the research clinics were less likely to be aged 80 years
and over, had higher levels of education, were slightly
less likely to have worked or be working in a manual occu-
pation, were more anxious and depressed and reported
hand pain of at least 3 months’ duration slightly more often,
compared to the target population. However, similarities
were seen across the stages of recruitment for hand pain
and function (AUSCAN) and laterality of pain22. Therefore,
the potential for bias due to non-response and non-partici-
pation at the research clinics was deemed to be small.PATTERNS OF RADIOGRAPHIC HAND OAPrior to undertaking factor analysis four hand joints
(fourth and ﬁfth MCP joints in both the right and left hands)
were excluded from the analysis due to low prevalence of
OA (less than 5%). PCA was conducted on 592 cases using
varimax rotation. Seven components were identiﬁed as hav-
ing eigenvalues of greater than one. The scree plot showed
Fig. 1. Flowchart showing recruitment of participants to the study.
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nents. The factor loading values for models with seven, six,
ﬁve, four and three components were examined and the
model that obtained as few groups as possible whilst keep-
ing the factor loading values and explained variance as
high as possible was the four component model, which ex-
plained 44% of variance in the data.
Patterns of radiographic OA across the 28 hand joints
found that the joints could be grouped into four components
or patterns of involvement: (1) the DIP joints, (2) the PIP
joints, (3) the MCP joints and (4) the thumb joints (including
the thumb IP, ﬁrst MCP, ﬁrst CMC and TS joints) (Table I).
All the factor loading valueswere greater than0.32 and there-
fore show moderate strength of communality29. The onlyexception to this was the left thumb IP joint, which cross-
loaded with the PIP joints (factor loading value¼ 0.348)
and the thumb joints (factor loading value¼ 0.328) (Table I).
The initial seven component model grouped the 28 items
into: (1) DIPs, (2) PIPs, (3) fourth and ﬁfth MCPs, (4) thumb
IPs, (5) ﬁrst MCPs, (6) ﬁrst CMC joints, (7) TS joints. As the
number of components extracted was reduced the individual
thumb joints collapsed to group together.RADIOGRAPHIC SUB-GROUPSThe factor analysis identiﬁed the thumb as a distinct
radiographic sub-group. The ﬁnger joints (second to ﬁfth
DIPs, PIPs and MCPs) were grouped together to maintain
Table I
Factor loading values for 28 hand joints on extraction of four
components
Component
1 2 3 4
Left ﬁfth DIP 0.597 0.184 0.219 0.042
Left fourth DIP 0.628 0.221 0.109 0.031
Left third DIP 0.729 0.256 0.007 0.056
Left second DIP 0.665 0.204 0.093 0.133
Left ﬁfth PIP 0.236 0.499 0.206 0.167
Left fourth PIP 0.190 0.656 0.007 0.081
Left third PIP 0.089 0.728 0.099 0.051
Left second PIP 0.211 0.651 0.098 0.067
Left third MCP 0.031 0.047 0.100 0.684
Left second MCP 0.087 0.132 0.098 0.689
Left IP 0.213 0.348 0.328 0.134
Left ﬁrst MCP 0.061 0.250 0.355 0.187
Left ﬁrst CMC 0.166 0.043 0.674 0.144
Left TS 0.222 0.031 0.546 0.114
Right ﬁfth DIP 0.559 0.208 0.238 0.031
Right fourth DIP 0.597 0.261 0.020 0.137
Right third DIP 0.737 0.145 0.099 0.091
Right second DIP 0.623 0.168 0.229 0.156
Right ﬁfth PIP 0.221 0.568 0.113 0.102
Right fourth PIP 0.227 0.560 0.006 0.209
Right third PIP 0.293 0.642 0.026 0.096
Right second PIP 0.138 0.618 0.187 0.030
Right third MCP 0.019 0.102 0.019 0.717
Right second MCP 0.218 0.028 0.119 0.627
Right IP 0.240 0.286 0.376 0.163
Right ﬁrst MCP 0.140 0.154 0.477 0.115
Right ﬁrst CMC 0.176 0.014 0.675 0.095
Right TS 0.279 0.047 0.486 0.071
Factor loadings of greater than or equal to 0.320 are highlighted
in bold.
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Therefore participants (n¼ 592) were divided into four
mutually exclusive sub-groups according to the presence
of radiographic OA: thumb only (n¼ 89, 15%), ﬁnger only
(n¼ 73, 12%), combined thumb and ﬁnger OA (n¼ 323,
55%) and those with no OA (n¼ 107, 18%). Radiographic
OA in each sub-group was deﬁned as the presence of
K&L 2 in one or more of the individual joints within the
sub-group, with the combined group requiring at least one
thumb joint and one ﬁnger joint to be involved.
Statistically signiﬁcant differences between the sub-
groups were found for age, percentage of females, the num-
ber of hand joints with radiographic OA and the percentage
of individuals with moderate to severe radiographic OA, but
not for BMI and duration of hand problem (Table II).
Scores for mean AUSCAN pain were highest in the radio-
graphic sub-groupwith combined thumb and ﬁngerOAwhilst
the thumb only OA and the ﬁnger only OA sub-groups had
similar mean pain scores and the no OA sub-group had the
lowest pain scores (Table III). However, these differences
were not statistically signiﬁcant (P¼ 0.077). Adjustment for
confounding by age and gender showed only small changes
in the mean AUSCAN pain scores. However, after adjust-
ment for the number of hand joints and presence of moderate
to severeOA the adjustedmeans for the noOAand the ﬁnger
only OA sub-groups did increase slightly (Table III), resulting
in scores that were similar to those for the thumb only sub-
group. The combined thumb and ﬁnger OA sub-group still
had the highest mean pain scores even after adjustment.
Statistically signiﬁcant differenceswere found between the
radiographic sub-groups for crude AUSCAN function scores
(P¼ 0.018) (Table III). Mean scores for function were highestin the combined thumb and ﬁnger OA group (10.5) indicating
poorer function, with the no OA (8.3), thumb only OA (8.6)
and ﬁnger only OA (8.2) groups having similar function
scores indicating better function. Adjustment of AUSCAN
function for confounding by gender and age resulted in small
differences between the crude and adjusted mean scores.
Adjustment for OA severity and number of hand joints af-
fected resulted in increases in the adjusted means for the
no OA, ﬁnger only OA and thumb only OA sub-groups indi-
cating that confounding by these factors explained part of
the differences between radiographic sub-groups (Table
III). The combined thumb and ﬁnger OA sub-group still had
the highest adjusted mean functional impairment score indi-
cating that differences between sub-groups were not ex-
plained by differences in gender, age, OA severity or
number of joints with radiographic OA (Table III).
Differences were also found between the radiographic
sub-groups for measures of functional performance (Table
IV). Mean pinch and grip strength were stratiﬁed by gender,
and only in females statistically signiﬁcant differences were
found between the radiographic sub-groups, with the com-
bined thumb and ﬁnger OA group having the lowest strength
values followed by the thumb only OA group (Table IV).
The no OA group had the highest mean strength values
(Table IV). Following adjustment of the functional perfor-
mance measures for age, gender, number of hand joints
and severity of OA some differences were seen between
the crude and adjusted means indicating that confounding
by these factors explained part of the differences in perfor-
mance measures between radiographic sub-groups (Table
IV). In women the combined thumb and ﬁnger OA group still
had the lowest strength values for both grip and pinch, whilst
differences between the other sub-groups were reduced. In
men the ﬁnger only OA group remained the sub-group with
the lowest grip strength score and the adjusted means were
comparable for the other sub-groups. The adjusted means
for pinch strength in men and time taken to complete the
GAT were similar for all radiographic sub-groups (Table IV).
Discussion
This paper has examined relationships of radiographic
OA in the joints of the hand using PCA. The patterns iden-
tiﬁed were used to inform radiographic sub-groups and then
the associations of the sub-groups with pain and function
were investigated.
The results of the factor analysis conﬁrm a pattern of ﬁn-
ger joints grouped by row (DIPs, PIPs and MCPs), and sug-
gest a fourth cluster in which the thumb joints are grouped
together by ray. Individuals with combined thumb and ﬁnger
OA had more pain, reported more disability and had poorer
functional performance. Individuals with thumb only OA had
similar levels of pain and functional impairment to the ﬁnger
only OA and the no OA groups.
This study recruited older adults from the population of
North Staffordshire who had experienced hand pain or
hand problems in the last 12 months and invited them for
a clinical assessment. The individuals who attended have
been shown to be representative of people with hand pain
and hand problems in the population of North Stafford-
shire22. X-rays were taken and scored for the presence of
radiographic OA using the K&L grading system. Despite
its limitations31 this system has been most frequently
used in epidemiological studies to grade and deﬁne radio-
graphic OA in the hand11. There was high inter-rater reliabil-
ity of the scoring system. More than three quarters of the
participants in this study had radiographic hand OA in one
Table II
Descriptive data for each of the four radiographic sub-groups
Outcome Radiographic sub-groups
No OA (n¼ 107) Finger only OA
(n¼ 73)
Thumb only OA
(n¼ 89)
Combined thumb
and ﬁnger OA
(n¼ 323)
Difference between
groups (signiﬁcance level)
Age (years): mean (95% CI*) 59.1 (57.9e60.4) 63.4 (61.6e65.3) 63.1 (61.3e64.9) 66.2 (65.3e67.1) P< 0.001y
Females: % (no.) 53.3% (57) 49.3% (36) 64.0% (57) 66.9% (216) P¼ 0.008z
BMI: mean (95% CI) 28.0 (27.2e28.9) 28.2 (27.2e29.1) 27.8 (26.8e28.8) 28.6 (28.0e29.1) P¼ 0.476y
Duration of hand pain or
hand problem (years)
Mean (95% CI) 7.7 (6.1e9.3) 8.4 (6.0e10.7) 8.7 (6.6e10.8) 9.4 (8.3e10.5) P¼ 0.312**
Median (IQR) 5 (2, 10) 5 (2, 10) 5 (2, 15) 6 (3,12)
Number of hand joints
with ROA (K&L 2)
Mean (95% CI) 0 (0) 2.0 (1.7e2.4) 2.0 (1.8e2.2) 8.2 (7.6e8.7) P< 0.001z
Median (IQR) 0 (0, 0) 1 (1, 3) 2 (1, 3) 7 (5, 11)
Presence 1þ joints with mod/sev
ROA (K&L 3): % (no)
0 (0) 23.7% (14) 36.0% (32) 63.8% (205) P< 0.001**
Presence of clinical hand OA
(ACR criteria): % (no)
15.9% (17) 27.4% (20) 24.7% (22) 37.3% (120) P< 0.001z
*CI e conﬁdence interval.
yANOVA were used for interval/ratio data.
zChi Square tests were used for nominal or ordinal data.
**KruskaleWallis test was used for data that was not normally distributed.
1444 M. Marshall et al.: Radiographic hand OAor more joints. This ﬁnding cannot be compared directly with
other studies, as this is the ﬁrst study to be undertaken spe-
ciﬁcally in a sample of individuals who report hand pain.
However, in general community populations of a similar
age range the prevalence of radiographic hand OA are re-
ported to be slightly lower at 62e71%7,32.
There are a variety of methods that can be used to under-
take exploratory factor analysis. The technique selected was
PCA with varimax rotation. Orthogonal rotation was selected
as opposed to oblique rotation as this technique does not as-
sume any relationships between the components. This
means that the relationship between the joints demonstratedTable I
Mean AUSCAN pain and function values for each of the four radiographic
radiographic OA and the presence of mo
Outcome
No OA
(n¼ 107)
Finger only OA
(n¼ 73)
AUSCAN pain subscale*
Mean (95% CI) 5.4 (4.6e6.2) 5.7 (4.7e6.8)
Adjusted for gender 5.4 (4.6e6.2) 5.7 (4.7e6.7)
Adjusted for age 5.4 (4.5e6.2) 5.7 (4.7e6.8)
Adjusted for no. of hand
joints with ROA
5.7 (4.7e6.6) 5.9 (4.8e6.9)
Adjusted for the presence of
moderate to severe ROA
5.8 (4.9e6.7) 6.0 (4.9e7.0)
AUSCAN function subscalez
Mean (95% CI) 8.3 (6.7e9.8) 8.2 (6.3e10.1)
Adjusted for gender 8.1 (6.6e9.7) 8.2 (6.4e10.1)
Adjusted for age 8.7 (7.1e10.3) 8.3 (6.4e10.2)
Adjusted for no. of hand
joints with ROA
8.9 (7.1e10.7) 8.6 (6.6e10.6)
Adjusted for the presence of
moderate to severe ROA
8.9 (7.1e10.6) 8.6 (6.6e10.5)
*AUSCAN pain subscale (0e20) with a higher score indicating greate
yANOVA was used for interval/ratio data.
zAUSCAN function subscale (0e36) with a higher score indicating greby PCA can be assumed to be stronger than a relationship
identiﬁed by other, less robust, factor analysis tech-
niques26,33. Although there is a subjective component to in-
terpreting the results of factor analysis, the steps used to
analyse the results, as described in the Methods section,
were decided prior to undertaking the analysis.
In this study we dichotomised scores on the K&L grading
system, as we wanted to assess the relationships between
hand joints and the presence of OA rather than its severity.
Although factor analysis per se was not designed to use di-
chotomous variables it has been used successfully in this
way in several studies26,34.II
sub-groups adjusted for age, gender, the number of hand joints with
derate to severe radiographic OA
Radiographic sub-group
Thumb only OA
(n¼ 89)
Combined thumb
and ﬁnger OA
(n¼ 323)
Difference between
groups (signiﬁcance level)
5.8 (4.9e6.7) 6.5 (6.1e7.0) P¼ 0.077y
5.7 (4.8e6.6) 6.5 (6.0e7.0) P¼ 0.095y
5.8 (4.9e6.7) 6.5 (6.1e.0) P¼ 0.091y
5.9 (5.0e6.9) 6.4 (5.8e6.9) P¼ 0.698y
5.9 (5.0e6.8) 6.4 (5.9e6.9) P¼ 0.573y
8.6 (6.9e10.3) 10.5 (9.6e11.4) P¼ 0.018y
8.1 (6.5e9.8) 9.9 (9.0e10.8) P¼ 0.084y
8.7 (7.0e10.4) 10.3 (9.4e11.2) P¼ 0.093y
9.0 (7.2e10.8) 10.1 (9.0e11.2) P¼ 0.601y
8.8 (7.1e10.5) 10.4 (9.4e11.3) P¼ 0.206y
r pain.
ater disability.
Table IV
Functional impairment data for each of the four radiographic sub-groups
Outcome Radiographic sub-groups
No OA (n¼ 107) Finger only OA
(n¼ 73)
Thumb only OA
(n¼ 89)
Combined thumb
and ﬁnger OA
(n¼ 323)
Difference between
groups (signiﬁcance level)
Grip strength (lb)
Men
Mean (95% CI) 77.7 (71.7e83.8) 70.4 (63.4e77.5) 74.2 (66.7e81.7) 71.6 (67.5e75.7) P¼ 0.338*
Adjusted for age 74.3 (68.5e80.0) 70.5 (63.9e77.1) 73.7 (66.7e80.7) 73.3 (69.5e77.2) P¼ 0.851*
Adjusted for no hand
joints with ROA
73.7 (66.2e81.2) 68.5 (61.2e75.9) 72.3 (64.6e80.1) 74.7 (69.4e79.9) P¼ 0.585*
Adjusted for the presence
of moderate to severe ROA
73.1 (66.2e80.0) 67.6 (60.5e74.9) 72.4 (64.9e80.0) 72.8 (68.6e76.9) P¼ 0.621*
Women
Mean (95% CI) 39.8 (35.8e43.8) 38.3 (33.4e43.3) 37.5 (33.6e41.4) 33.7 (31.7e35.8) P¼ 0.023*
Adjusted for age 36.2 (32.2e40.3) 37.4 (32.6e42.1) 36.8 (33.0e40.6) 35.0 (33.0e37.0) P¼ 0.739*
Adjusted for no hand
joints with ROA
37.1 (32.5e41.6) 36.6 (31.4e41.7) 35.7 (31.5e39.8) 35.2 (32.9e37.6) P¼ 0.921*
Adjusted for the presence
of moderate to severe ROA
37.5 (33.2e41.9) 36.9 (31.9e42.0) 37.0 (33.0e40.9) 34.3 (32.3e36.4) P¼ 0.472*
Pinch Strength (lb)
Men
Mean (95% CI) 15.0 (13.9e16.1) 14.6 (13.3e15.9) 13.8 (12.4e15.1) 13.6 (12.9e14.4) P¼ 0.164*
Adjusted for age 14.6 (13.5e15.6) 14.6 (13.3e15.8) 13.7 (12.4e15.0) 13.9 (13.2e14.6) P¼ 0.560*
Adjusted for no hand
joints with ROA
14.6 (13.3e15.9) 14.4 (13.1e15.7) 13.6 (12.2e14.9) 14.0 (13.0e14.9) P¼ 0.692*
Adjusted for the presence
of moderate to severe ROA
14.3 (13.0e15.5) 14.2 (12.9e15.5) 13.4 (12.2e14.8) 13.8 (13.1e14.6) P¼ 0.812*
Women
Mean (95% CI) 9.4 (8.7e10.2) 9.0 (8.1e9.9) 8.8 (8.1e9.6) 7.9 (7.5e8.3) P¼ 0.001*
Adjusted for age 9.0 (8.2e9.8) 8.8 (7.9e9.8) 8.7 (8.0e9.5) 8.1 (7.7e8.5) P¼ 0.099*
Adjusted for no hand
joints with ROA
9.3 (8.5e10.2) 8.9 (7.9e9.8) 8.7 (8.0e9.5) 8.0 (7.5e8.4) P¼ 0.087*
Adjusted for the presence
of moderate to severe ROA
9.4 (8.4e10.2) 8.8 (7.9e9.8) 8.8 (8.0e9.5) 8.0 (7.6e8.4) P¼ 0.028*
GAT (s)
Mean (95% CI) 28.9 (26.5e31.2) 32.0 (29.1e34.8) 31.1 (28.6e33.7) 32.2 (30.8e33.5) P¼ 0.118*
Adjusted for gender 28.9 (26.5e31.2) 32.0 (29.1e34.8) 31.2 (28.6e33.8) 32.3 (30.9e33.7) P¼ 0.110*
Adjusted for age 30.7 (28.3e33.0) 32.2 (29.4e35.0) 31.5 (29.0e34.0) 31.4 (30.1e32.8) P¼ 0.876*
Adjusted for no hand
joints with ROA
30.8 (28.0e33.5) 33.1 (30.1e36.0) 32.3 (29.6e35.0) 31.0 (29.3e32.6) P¼ 0.517*
Adjusted for the presence
of moderate to severe ROA
29.4 (26.8e32.0) 32.3 (29.3e35.2) 31.3 (28.7e33.9) 32.0 (30.6e33.4) P¼ 0.347*
*ANOVA was used for interval/ratio data.
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highly symmetrical and clustering of hand joints is stronger
by row than by ray4. Our factor analysis supported the sym-
metrical grouping of the hand joints across both the right and
left hands. However, the groups of hand joints occurred by
rows for the ﬁngers, but by ray for the thumb. Whilst the right
thumb IP joint grouped with the other thumb joints the left
thumb IP joint cross-loaded both with the PIPs and
the thumb joints. In this sample the prevalence of OA in these
joints was similar and there is no obvious reason for this dif-
ference. In previous epidemiological studies the thumb IP
joint has been grouped with other ﬁnger joints in the radio-
graphic assessment35,36. The results from this study would
suggest that the thumb IP joints could be either classed as
joints in their own right or could be considered as part of
the thumb complex in any sub-grouping within the hand.
Previous research examining patterns of radiographic
hand OA using cluster analysis reported differing ﬁndings.
One study that examined symptomatic hand OA foundthat the thumb IP joint clustered more strongly with the
DIPs than the ﬁrst CMC37 whilst another study that exam-
ined radiographic OA found a strong connection between
radiographic OA in the thumb IP and ﬁrst CMC joints38.
This study in the Chuvashain general population also found
strong symmetry and clustering by the rows of hand joints:
the DIPs, the PIPs, the MCPs including the ﬁrst MCP38. Nei-
ther of these studies included the TS joints. An analysis of
the clinical and symptomatic implications of such a sub-
grouping may help to develop a useful classiﬁcation of ra-
diographic hand OA.
As the factor analysis suggested that the joints of the
thumb are best grouped together in a ray this formed one
sub-group. The DIPs, the PIPs and the MCPs were grouped
together to form a sub-group that covered all the ﬁnger
joints. This was felt an appropriate comparison to the thumb
joints as it allowed mutually exclusive sub-groups to be
formed in order to study the consequences of thumb vs ﬁn-
ger OA on pain and functional impairment.
1446 M. Marshall et al.: Radiographic hand OAOne of the few studies to examine associations of thumb
and ﬁnger OA with pain and disability examined symptom-
atic hand OA in a secondary care sample and participants
had to self-select whether their ﬁngers or their base of
thumb caused them the most problems39. In this study no
difference was found between the groups for global pain
or disability. In contrast the Rotterdam study, which exam-
ined the DIPs, PIPs, MCPs and thumb base, found that
thumb base OA was most strongly associated with hand
pain7. The Rotterdam study also examined hand function
and found that a higher number of joints with radiographic
OA signiﬁcantly contributed to a reduction in hand function7.
This would support our ﬁnding as in our sample individuals
with combined thumb and ﬁnger OA had a higher number of
mean joints affected with radiographic OA and higher levels
of disability.
It has been suggested that it is the number of affected
joints with radiographic OA that explains increased levels
of pain the hands7. Others have proposed that it is the se-
verity of radiographic OA in the hand that results in higher
levels of pain40. This study showed that confounding by nei-
ther the number of radiographic hand joints affected with
OA nor the presence of moderate to severe OA fully ex-
plained the differences between radiographic sub-groups
in pain and disability. The contribution of location, particu-
larly combined thumb and ﬁnger OA, is partly independent
of the number of hand joints affected and radiographic
severity. Location may help to explain some of the inconsis-
tencies seen between radiographic signs and functional im-
pairment associated with hand OA. One limitation of this
analysis is that the speciﬁc locations of pain in the joints
of the hands were not examined.
There have been few studies of functional performance
measures in radiographic hand OA. In our study radio-
graphic involvement of both the thumb and ﬁngers led to
poorer outcomes of functional performance (grip and pinch
strength). A previous study demonstrated that pinch and
grip strength decreased as the number of hand joints with
radiographic OA increased40. In our study statistically signif-
icant differences in functional performance were only found
in women for grip and pinch strength. This could be due to
the much smaller numbers of men than women in each of
the sub-groups.
In summary this study has identiﬁed four radiographic
sub-groups in people with hand OA with the joints of the
thumb (IP, MCP, ﬁrst CMC, TS) forming a distinct sub-group
of radiographic thumb OA. The participants who had com-
bined radiographic thumb and ﬁnger OA, had more hand
pain, greater self-reported disability and had poorer func-
tional performance than the participants who had thumb
only OA or ﬁnger only OA. Further research is required to
externally validate these sub-groups in other populations
and to study the longer-term clinical implications of classify-
ing radiographic sub-groups of hand OA in community-
dwelling adults.Conﬂict of interest
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